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(57) ABSTRACT

The invention relates to an acroengine after-body assembly
comprising an exhaust casing made of metal having a plural-
ity of arms extending radially between an inner shroud and an
outer shroud. The assembly comprises at least one axisym-
metric part made of composite material extending between an
upstream end fastened to said exhaust casing and a down-
stream end that is free. In accordance with the invention, the
axisymmetric part has an annular portion at its upstream end,
which annular portion includes a plurality of slots defining
between them a plurality of resilient fastener tabs. Each slot
co-operates with an arm of the exhaust casing, which further
includes fastener parts attached to the resilient fastening tabs.
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INTEGRATING AFTER-BODY PARTS OF AN
AEROENGINE

BACKGROUND OF THE INVENTION

[0001] The present invention relates to fastening parts
made of composite material that are used in the after-bodies
of aeroengines such as turbojets.

[0002] In order to reduce the weight of after-bodies, it is
known to make one or more parts of an after-body, such as the
exhaust cone and/or the primary nozzle, out of composite
material instead of metal. Such parts present a coefficient of
thermal expansion that is low compared with that of the metal
exhaust casing of the engine on which they are to be mounted.
In order to compensate for the differential expansion between
such elements, the composite material parts are mounted on
the metal casing by means of resiliently flexible fastener tabs
that are generally made of refractory metal.

[0003] FIG. 5 shows a turbojet after-body as described in
Document US 2011/203255. The after-body comprises an
ejection or primary nozzle 10 and a central body or exhaust
cone 20 (also known as a “plug”). The primary nozzle 10 and
the exhaust cone 20 are made of CMC composite material
which, in well-known manner, are made of fiber reinforce-
ment made of (carbon or ceramic) refractory fibers and den-
sified by a ceramic matrix, in particular a matrix of refractory
carbide, nitride, or oxide.

[0004] The primary nozzle 10 is fastened on a first metal
fastener ring 40 forming part of or designed to be fastened to
the engine exhaust casing (not shown) by means of resiliently
flexible fastener tabs 50. The exhaust cone 20 is fastened to a
second metal fastener ring 60 likewise forming part of the
exhaust casing by means of elastically deformable fastener
tabs 70. The fastener tabs are made of a refractory material,
such as, in particular, Inconel®, Hastelloy®, or Waspalloy®.
Depending on the size and the weight of the CMC parts, the
fastener tabs are dimensioned to provide mechanical strength
to withstand both normal and limiting loads that correspond
to maintaining radial and axial clearance between the CMC
part and the metal part so as to make it possible to compensate
for differential expansion and to damp vibration.

[0005] Nevertheless, fastening composite material parts on
metal parts in that way presents certain drawbacks. Firstly, the
metal fastener tabs represent a significant fraction of the total
weight of the part, specifically about 30%. The use of fastener
tabs of that type also makes it more complex to manage
sealing with the casing. Finally, the cost of fabricating such
fastener tabs is relatively high.

OBIJECT AND SUMMARY OF THE INVENTION

[0006] An object of the present invention is to propose a
novel design for integrating axisymmetric after-body parts
made of composite material, such as an exhaust cone or a
primary nozzle, in an exhaust casing, which design makes it
possible to avoid using resilient fastener tabs made of metal.
[0007] To this end, the invention provides an acroengine
after-body assembly comprising an exhaust casing made of
metal having a plurality of arms extending radially between
an inner shroud and an outer shroud, said assembly further
comprising at least one axisymmetric part made of composite
material extending between an upstream end fastened to the
exhaust casing and a downstream end that is free.

[0008] The assembly being characterized in that said axi-
symmetric part has an annular portion at its upstream end,
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which annular portion includes a plurality of slots defining
between them a plurality of resilient fastener tabs, each slot
co-operating with an arm of the exhaust casing, the exhaust
casing further including fastener parts to which the resilient
fastening tabs are attached.

[0009] By means of the design of the invention for the
after-body assembly, there is no longer any need to use resil-
ient fastener tabs made of metal material for the purpose of
accommodating differential thermal expansion between each
axisymmetric part made of composite material and the metal
exhaust casing. This is because each axisymmetric part has
slots that define flexible fastener tabs that are incorporated
directly in the part and that serve to compensate differential
thermal expansion relative to the exhaust casing. Thus, each
axisymmetric part may be attached directly to the exhaust
casing, thereby making it possible not only to save weight, but
also to simplify assembling the after-body assembly and to
reduce its cost.

[0010] In a first aspect of the invention, the after-body
assembly includes an exhaust cone made of composite mate-
rial fastened on the arms of the exhaust casing at intermediate
positions between the inner shroud and the outer shroud of
said casing, each of said arms including a fastener part at the
level of said intermediate position, with a resilient fastener tab
of the annular portion situated at the upstream end of the
exhaust cone being attached thereto.

[0011] In a second aspect of the invention, the after-body
includes an exhaust nozzle made of composite material fas-
tened on the arms of the exhaust casing in positions close to
the outer shroud of said casing, said outer shroud having
fastener parts attached to the resilient fastener tabs of the
annular portion situated at the upstream end of the exhaust
nozzle.

[0012] In athird aspect of the invention, each slot includes
a first portion extending from the upstream end of each axi-
symmetric part and presenting dimensions that correspond to
the portion of the arm with which said slot co-operates. Each
slot may also include a second portion extending downstream
from the first portion in order to increase the flexibility of the
resilient fastener tabs.

[0013] Ina fourth aspect of the invention, each axisymmet-
ric part is made of composite material comprising fiber rein-
forcement made of refractory fibers densified by a matrix that
is at least partially ceramic. Under such circumstances, the
matrix is a ceramic matrix selected from at least: an oxide; a
nitride; a carbide; and a silicide. In particular, each axisym-
metric part may be made of a composite material comprising
fiber reinforcement made of silicon carbide fibers densified
by a silicon carbide matrix including one or more self-healing
phases.

[0014] Theinventionalso provides an acroengine including
an after-body assembly of the invention and an aircraft
including at least one such aeroengine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Other characteristics and advantages of the inven-
tion appear from the following description of particular
embodiments of the invention given as non-limiting examples
and with reference to the accompanying drawings, in which:
[0016] FIG.11isadiagrammatic exploded perspective view
of'aturbojet after-body in accordance with an embodiment of
the invention;

[0017] FIG. 2 is a diagrammatic perspective view of the
FIG. 1 after-body when partially assembled;
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[0018] FIG. 3 is a diagrammatic perspective view of the
FIG. 1 after-body when fully assembled;

[0019] FIG. 4 is a diagrammatic perspective view of the
casing of the FIG. 1 after-body; and

[0020] FIG.5 is a diagrammatic perspective view of a prior
art turbojet after-body.

DETAILED DESCRIPTION OF AN
EMBODIMENT

[0021] FIGS. 1 to 3 show a turbojet after-body assembly
400 constituting the exhaust system of the turbojet. The after-
body comprises an exhaust casing 100 and two axisymmetric
parts corresponding to a central body or exhaust cone 200
(also referred to as a “plug™) and an ejection or primary nozzle
300.

[0022] The exhaust casing 100 is made of metal, e.g. of
Inconel® 718, and it comprises an inner shroud 110 and an
outer shroud 120 with arms 130 extending between them. As
shown in FIG. 4, each arm 130 has a fastener part 131 situated
at a position intermediate between the inner shroud 110 and
the outer shroud 120 for the purpose of enabling the exhaust
cone 200 to be fastened on the exhaust casing 100. In the
example described in detail herein, the outer shroud 120 also
has a series of fastener parts 132 situated close to the outer
ends of the arms 130.

[0023] The exhaust cone 200 extends from upstream to
downstream between an upstream end 201 and a downstream
end 202 that is free. At its upstream end 201, the cone has an
annular part 210 having slots 211 formed therein that open out
into the upstream end 201. The slots 211 are distributed
around the annular part 210 in positions that coincide with the
positions of the arms 130 of the exhaust casing level with their
fastener parts 131. The slots 211 define resilient fastener tabs
212 in the annular part 210.

[0024] Each slot 211 has a first portion 2110 presenting a
length and a width that are suitable for receiving the corre-
sponding portion of an arm 130 (FIG. 1). In the presently-
described example, the slots 211 also include respective sec-
ond portions 2111 extending downstream from their first
portions 2110. Each second portion 2111 serves to increase
the flexibility of the corresponding resilient fastener tab 212.
Nevertheless, depending on requirements for flexibility, it is
possible for the slots in the fastener tabs to include only the
first portion that is to receive a corresponding arm of the
exhaust casing.

[0025] The exhaust cone 200 is fastened on the exhaust
casing 100 by fastener members 205 of the nut-and-bolt type
that are arranged and clamped in holes 2120 and 1310 formed
respectively in the resilient fastener tabs 212 and in the first
fastener parts 131 (FIGS. 1 and 4). Other types of fastening
such as brazing or adhesive could be used for fastening the
exhaust cone to the exhaust casing.

[0026] The primary nozzle 300 extends from upstream to
downstream between an upstream end 301 and a downstream
end 302 that is free. The nozzle is provided at its upstream end
301 with an annular portion 310 having slots 311 formed
therein that open out into the upstream end 201. The slots 311
are distributed around the annular portion 310 in positions
that coincide with the positions of the arms 130 of the exhaust
casing at the level of their fastener parts 132, ie. in the
proximity of the outer shroud 120 of the exhaust casing 100.
The slots 311 define resilient fastener tabs 312 in the annular
portion 310.
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[0027] Each slot 311 has a first portion 3110 of length and
width that are suitable for receiving the corresponding portion
of'an arm 130. In the presently-described example, the slots
311 further comprise respective second portions 3111 extend-
ing downstream from their first portions 3110 (FIGS. 1 and
2). Each second portion 3111 serves to increase the flexibility
of'the corresponding resilient fastener tab 312. Nevertheless,
it is possible for the slots in the fastener tabs to comprise only
the first portion that is to receive the arms of the exhaust
casing, providing the flexibility conferred by the first portion
suffices.

[0028] Theprimary nozzleis fastened on the exhaust casing
100 by nut-and-bolt type fastener members 305 arranged and
clamped in holes 3120 and 1320 formed respectively in the
resilient fastener tabs 312 and in the fastener parts 132 present
in the outer shroud 120 of the casing 100 (FIGS. 1 and 4).
Other types of fastening such as brazing or adhesive could be
used for fastening the exhaust cone to the exhaust casing.
[0029] In accordance with the invention, the exhaust cone
200 and the primary nozzle 300 are made of thermostructural
composite material, i.e. of a material that is suitable for form-
ing structural parts having good mechanical characteristics
and that is suitable for conserving them at high temperature.
[0030] In the presently-described example, the exhaust
cone 200 is made up of three portions, each made of thermo-
structural composite material, namely the annular part 210, a
frustoconical conical inner shroud 220, and an end cone 230,
which portions are connected together by means of rivets 240.
Nevertheless, the exhaust cone of the invention may be made
with some other number of parts. The cone may in particular
be made as a single piece in the general form of the above-
described exhaust cone 200.

[0031] The presently-described primary nozzle 300 is
made as a single piece, but it could likewise be made as a
plurality of elements that are assembled together.

[0032] The parts constituting the exhaust cone 200 and the
primary nozzle 300 are made in particular out of a carbon/
carbon (C/C) composite material, which in known manner is
a material made of carbon fiber reinforcement densified by a
matrix made of carbon, or of CMC composite material, which
in known manner is a material formed by carbon or ceramic
fiber reinforcement densified by a matrix that is ceramic, at
least in part. Thermostructural composite materials, such as
C/C or CMC materials, are characterized by their good
mechanical properties that make them suitable for constitut-
ing structural parts, and by their ability to retain these
mechanical properties at high temperatures that may be
greater than 1300° C. for a C/C or a CMC material. The parts
constituting the exhaust cone 200 and the primary nozzle 300
are preferably made of CMC material, such as the Cerasep®
A40C material that is made of silicon carbide (SiC) fiber
reinforcement and a self-healing ceramic matrix, e.g. made of
SiC.

[0033] The fabrication of composite material parts, in par-
ticular parts made of C/C or CMC, is well-known. It generally
comprises making a fiber preform and densifying the preform
with the matrix. The fiber preform is of a shape similar to that
of'the part that is to be fabricated, and it is made of refractory
fibers, i.e. ceramic fibers, e.g. made of silicon carbide (SiC),
carbon fibers, or indeed fibers made of a refractory oxide,
such as alumina (Al,O,), for example.

[0034] The fiber preform constitutes the reinforcement of
the part and plays an essential role in terms of mechanical
properties. The preform is obtained from fiber textures made
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ofrefractory fibers. The fiber textures used may be ofa variety
of natures and shapes, such as in particular:

[0035] two-dimensional (2D) woven fabrics;

[0036] three-dimensional (3D) woven fabrics obtained by
3D or multi-layer weaving, as described in particular in docu-
ment WO 2010/061140, the content of which is incorporated
herein by reference;

[0037] braids;

[0038] knits;

[0039] felts; and/or

[0040] unidirectional (UD) sheets of yarns or tows or mul-

tidirectional (nD) sheets obtained by superposing a plurality
of UD sheets in different directions and bonding the UD
sheets together, e.g. by stitching, by a chemical bonding
agent, or by needling.

[0041] Itis also possible to use a fiber structure made up of
a plurality of superposed layers of woven fabrics, braids,
knits, felts, sheets, tows, etc., which layers are bonded
together by stitching, by implanting yarns or rigid elements,
or by needling, for example.

[0042] Shaping is performed by winding filaments, wind-
ing a UD sheet on a mandrel, weaving, stacking, needling
two-dimensional/three-dimensional plies or sheets of tows,
etc.

[0043] Priorto densification, the fiber preform may be con-
solidated in order to give it sufficient mechanical strength to
enable it to retain its shape while it is being handled.

[0044] With a C/C material, the fiber preform may be den-
sified using a liquid technique, with the preform being
impregnated with a precursor resin for the carbon matrix such
as a phenolic type resin.

[0045] After being impregnated, the fiber preform that is to
constitute the fiber reinforcement of the part that is to be
made, and that has a shape corresponding substantially to the
shape of that part, is put into its final shape with the help of
support tooling. The resin(s) is/are then transformed by heat
treatment (polymerization/carbonization). The operations of
impregnation and of polymerization/carbonization may be
repeated several times, if necessary, in order to obtain deter-
mined mechanical characteristics.

[0046] The fiber preform may also be densified, in known
manner, by using a gaseous technique, involving chemical
vapor infiltration (CV1]) of the carbon matrix.

[0047] Densification combining a liquid technique and a
gaseous technique is sometimes used in order to facilitate
working, limit costs, and shorten fabrication cycles, while
obtaining characteristics that are satisfactory for the intended
use.

[0048] The CMC materials that can be used for making the
axisymmetric after-body parts of the invention are formed by
fiber reinforcement made of carbon or ceramic fibers that
have been densified with a matrix that is made, at least in part,
of ceramic and in particular of carbide, nitride, refractory
oxide, etc., such as for example:

[0049] a carbon/carbon-silicon carbide (C/C—SiC) com-
posite material, which is a material constituted by carbon
fiber reinforcement that has been densified with a matrix
comprising a carbon phase and a silicon carbide phase;
[0050] a carbon/silicon carbide (C/SiC) composite mate-
rial, which is a material constituted by carbon fiber reinforce-
ment that has been densified with a silicon carbide matrix;
and/or
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[0051] asilicon carbide/silicon carbide (SiC/SiC) compos-
ite material, which is a material constituted by silicon carbide
fiber reinforcement that has been densified with a silicon
carbide matrix.

[0052] With the C—C/SiC material, the first carbon phase
of the matrix is the first phase to be deposited so as to be
present as close as possible to the fibers and so as subse-
quently to be covered by the second phase made of SiC, thus
making it possible to form an SIC oxidation protection layer
on the first phase that is made of carbon.

[0053] When densifying using a liquid technique, the
matrix (or its ceramic phase) is made of a ceramic-precursor
resin, which may for example be a polycarbosilane resin that
is a precursor for silicon carbide (SiC), or a polysiloxane resin
that is a precursor for SiCO, or a polyborocarbosilazane resin
that is a precursor for SICNB, or a polysilazane resin (SiCN).
With a C—C/SiC material, the fiber preform is initially
impregnated with a precursor resin for the carbon phase of the
matrix, such as a phenolic type resin.

[0054] When using a gaseous technique for densifying the
matrix by chemical vapor infiltration (CVI), the matrix (or its
ceramic phase) is made using a gaseous precursor for SiC,
which, when making a C—SiC material, may for example be
methyl trichlorosilane (MTS), giving SiC by decomposition
of the MTS. When making a C—C/SiC material, the carbon
first phase may be made using hydrocarbon gases such as
methane and/or propane that give carbon by cracking, with
the SiC second phase then being deposited on the carbon first
phase, e.g. by decomposing MTS.

[0055] It is naturally possible to combine densifying using
a liquid technique and densifying using a gaseous technique.
[0056] Inthe presently described example, the annular por-
tion 210, the frustoconical intermediate shroud 220, the end
cone 230, and the primary nozzle 300 are made individually
out of CMC composite material of the Cerasep® A40C type.
For each of these parts, a fiber texture is made initially out of
SiC fibers. Once it has been made, the fiber texture is shaped
and consolidated by being impregnated with a liquid compo-
sition containing a ceramic-precursor consolidation resin.
[0057] For this purpose, the fiber texture is immersed in a
bath containing the resin and usually also containing a solvent
for the resin. After being drained, the fiber texture is dried in
a stove. The drying may be accompanied by pre-curing or
partial curing of the resin. Since such pre-curing imparts
additional stiffness, it must remain limited, if it is used at all,
in order to conserve sufficient deformability for the fiber
texture.

[0058] It is also possible to use other known impregnation
techniques, such as preparing a pre-impregnated part by pass-
ing the fiber texture through a continuous impregnator, by
impregnating by infusion, or indeed by impregnating by resin
transfer molding (RTM).

[0059] The consolidation resin is selected so that, after
pyrolysis, it leaves a ceramic residue that is sufficient to
ensure consolidation ofthe subsequently-made fiber preform.
[0060] A ceramic precursor resin may for example be a
polycarbosilane resin that is a precursor for silicon carbide
(SiC), or a polysiloxane resin that is a precursor for SiCO, or
a polyborocarbosilazane resin that is a precursor for SICNB,
or a polysilazane resin (SiCN).

[0061] After being impregnated, a fiber preform that is to
constitute the fiber reinforcement of the part that is to be
made, and that has a shape corresponding substantially to the
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shape of that part, is put into its final shape by shaping the
fiber texture with the help of support tooling.

[0062] The shaping of the fiber preform is preferably
accompanied by compacting the fiber structure so as to
increase the volume density of fibers in the composite mate-
rial of the part that is to be made.

[0063] Afterthe preform has been shaped, the resin is cured
while the preform is in tooling, or its curing is completed if
there has already been some pre-curing.

[0064] Thereafter, consolidation is finished off by heat
treatment for pyrolyzing the resin. By way of example,
pyrolysis is performed at a temperature lying in the range
about 900° C. to 1000° C.

[0065] Consolidation may also be performed by chemical
vapor infiltration (CVI).

[0066] After this consolidation, densification of the fiber
preform with a ceramic matrix is continued.

[0067] Densification is advantageously performed by
chemical vapor infiltration (CVI), the parameters of the CVI
process and the nature of the reaction gas being adapted to the
nature of the matrix that is to be formed. It is thus possible in
the same oven for the operations of pyrolyzing the resin, of
consolidation, and of densification to be run on one after the
other.

[0068] The ceramic matrix made by CVI is an SiC matrix
that is at least partially self-heating, such as a silicon-boron-
carbon (Si—B—C) matrix, or a boron carbide (B,C) matrix,
or indeed a sequenced matrix having alternating matrix
phases of non-healing ceramic and of healing ceramic. Ref-
erence may be made in particular to the document FR 2 401
888, U.S. Pat. No. 5,246,736, U.S. Pat. No. 5,965,266, U.S.
Pat. No. 6,068,930, and U.S. Pat. No. 6,291,058.

[0069] The ceramic matrix may be deposited in a plurality
of successive infiltration cycles with a machining operation
between each of the cycles for opening up the pores in the
surface of the material so as to facilitate depositing the matrix
within the fiber reinforcement.

[0070] As showninFIG. 1, this provides two axisymmetric
parts, namely the exhaust cone 200 formed by assembling
together the annular portion 210, the frustoconical interme-
diate shroud 220, and the end cone 230, and also the primary
nozzle 300.

1-10. (canceled)

11. An aeroengine after-body assembly comprising an
exhaust casing made of metal having a plurality of arms
extending radially between an inner shroud and an outer
shroud, said assembly further comprising at least one axisym-
metric part made of composite material extending between an
upstream end fastened to said exhaust casing and a down-
stream end that is free,
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wherein said axisymmetric part has an annular portion at
its upstream end, which annular portion includes a plu-
rality of slots defining between them a plurality of resil-
ient fastener tabs, each slot co-operating with an arm of
the exhaust casing, the exhaust casing further including
fastener parts to which the resilient fastening tabs are
attached.

12. An after-body assembly according to claim 11, includ-
ing an exhaust cone made of composite material fastened on
the arms of the exhaust casing at intermediate positions
between the inner shroud and the outer shroud of said casing,
each of said arms including a fastener part at the level of said
intermediate position, with a resilient fastener tab of the annu-
lar portion situated at the upstream end of the exhaust cone
being attached thereto.

13. An after-body assembly according to claim 11, includ-
ing an exhaust nozzle made of composite material fastened on
the arms of the exhaust casing in positions close to the outer
shroud of'said casing, said outer shroud having fastener parts
attached to the resilient fastener tabs of the annular portion
situated at the upstream end of the exhaust nozzle are
attached.

14. An after-body assembly according to claim 11, wherein
each slot includes a first portion extending from the upstream
end of each axisymmetric part and presenting dimensions that
correspond to the portion of the arm with which said slot
co-operates.

15. An after-body assembly according to claim 14, wherein
each slot further includes a second portion extending down-
stream from the first portion.

16. An after-body assembly according to claim 11, wherein
each axisymmetric part is made of composite material com-
prising fiber reinforcement made of refractory fibers densi-
fied by a matrix that is at least partially ceramic.

17. An after-body assembly according to claim 16, wherein
the matrix is a ceramic matrix selected from at least: an oxide;
a nitride; a carbide; and a silicide.

18. An after-body assembly according to claim 16, wherein
each axisymmetric part is made of a composite material com-
prising fiber reinforcement made of silicon carbide fibers
densified by a silicon carbide matrix including one or more
self-healing phases.

19. An aeroengine including an after-body assembly
according to claim 11.

20. An aircraft fitted with at least one aeroengine according
to claim 19.



